SUMMARY Two aspects of handwashing in hospital were considered. A study was carried out to examine the contamination of bar soap and containers, and the use of antiseptic soaps in reducing the resident flora of the skin. Swabs were collected from soap dishes on six wards and from a bacteriology laboratory on four consecutive days. The unmedicated bar soap was replaced by bar soap containing 2-5 % povidone-iodine, and further swabs were collected over a period of seven days.
containing 2-5 % povidone-iodine, and further swabs were collected over a period of seven days.
Ninety-two isolates from 48 samples were obtained when unmedicated bar soap was used, and nine isolates from 42 samples when povidone-iodine (Betadine) soap was substituted. The number of organisms recovered when povidone-iodine soap was used was much reduced, and Pseudomonas spp were recovered in low numbers on only one occasion.
Six laboratory workers took part in a study to compare bar soap with other agents-povidoneiodine soap, povidone-iodine surgical scrub, povidone-iodine alcoholic solution, chlorhexidine surgical scrub, and alcoholic chlorhexidine. Samples were collected after standard washes and after surgical gloves had been worn for 90 minutes. The effect of multiple washes was assessed by samples collected after six washes with the agent under study (three per day) followed by 90 minutes wearing surgical gloves. The average percentage reduction in normal flora obtained indicated that alcoholic chlorhexidine was superior to the other agents.
The spread of infection in hospital can occur by many different routes, including the air and fomites, but it is commonly accepted that the main mechanism for the transfer of organisms is by direct contact, and the main vehicle is the hands of the attendant (Ehrenkranz, 1971) . The organisms present on the hands comprise the resident bacterial flora, including micrococci and diphtheroid bacilli (Lowbury and Lilly, 1960) and transient organisms including staphylococci and Gram-negative rods, which are picked up from environmental and human sources in hospital and survive for short periods on the skin (Bruun and Solberg, 1973 infection (Colbeck, 1962; Top, 1967) . For some purposes, for example, to prevent self or crossinfection after handling infected sites, it is necessary to remove transient pathogenic organisms from the hands, whereas in other circumstances, for example, before surgical operations, injections, and venepuncture, it may be necessary to reduce the resident flora in addition to removing transient organisms. There is some difference of opinion as to which situations require the use of germicides or antiseptics, with or without scrubbing of the hands, and which require only simple handwashing with unmedicated soaps.
The problems that may arise in such a simple procedure as handwashing may lead to worsening of cross-infection problems, including washing the hands with contaminated soap solutions (Anderson, 1962) , drying the hands on moist, contaminated, communal towels (Rowland and Alder, 1972) , or smearing on to the hands emollient creams containing bacteria (Morse et al., 1967). This report describes studies on the contamination of bar soap and containers in hospital and on the use of antiseptic soaps in reducing resident flora of the skin. 732 
Contamination of soap dishes
Bar soap without antiseptics is commonly used in hospital for routine handwashing on wards and in staff areas. The receptacles used to hold the tablet of soap frequently contain sludge, which surrounds the soap and contaminates it with organisms surviving and growing in the sludge. The organisms are predominantly Gram-negative rods, such as Pseudomonas aeruginosa and Klebsiella or Proteus species but Staphylococcus aureus may also occur. The communal use of sinks and the absence of clear lines of responsibility for maintaining domestic cleaning in many wards may lead to irregular cleaning of soap receptacles. Efforts to avoid these problems include the provision of liquid soap dispensers, often containing antiseptics, the use of dispensers of powdered dry soap, or the use of individual thin flakes of soap for washing. It is common, however, to find the containers empty, not working, leaking, or with the nozzle caked with dried liquid soap. Despite the advanced technology seen in modern hospitals, there appears to be no reliable substitute for bar soap. In this study we looked at the bacterial flora of bar soap containers in hospital and the effect of adding an iodophor to the bar soap.
Methods
Swabs were collected from soap dishes in 11 sites on six wards and from one site in a bacteriology laboratory over four consecutive days. At the end of this time the unmedicated bar soap was replaced by bar soap containing 2-5 % povidone-iodine (Betadine) soap. Further swabs were collected from the sites over a seven-day period. The swabs were placed in sterile 1% Tween 80 neutraliser for 5 minutes before plating out onto blood agar and MacConkey agar plates, which were then incubated aerobically at 370C for 24 hours.
A similar experiment was carried out on three soap dishes from three wards and on one dish from a bacteriology laboratory over seven consecutive days; 0-1 ml of sludge was collected from each dish and diluted for quantitative bacterial counts on MacConkey agar. The bar soap was replaced by Betadine-containing soap, and quantitative counts were carried out for a further four days.
REMOVAL OF ORGANISMS FROM THE HANDS
Several established agents used for hand disinfection were compared with bar soaps. The agents used were:
povidone-iodine surgical scrub (Betadine) chlorhexidine surgical scrub (Hibiscrub) 95% alcohol with 0*5 % chlorhexidine and 0 1 % glycerol alcoholic povidone-iodine solution (alcoholic Betadine solution) in comparison with the use of plain bar soap and Betadine bar soap.
Six laboratory workers, four men and two women, took part in the study. There was no history of past skin disease, and no skin infection or other lesion was present during the study period. The hands were washed with one agent for a period of 2 minutes.
Liquid agents were dispensed in 10 ml aliquots and two were used for each wash. The alcoholic agents were allowed to evaporate from the hands after vigorous rubbing, and after washing with the aqueous detergent solutions, the hands were dried with a sterile towel. Samples were then collected for culture. Each subject was allocated a different sequence of antiseptic agents, and the gap between experiments with a new agent was at least 10 days.
In order to simulate operating theatre methods, sterile surgical gloves were worn for 90 minutes after washing, and during this period normal daily duties were undertaken. Gloves were then removed and further samples were collected.
Specimens for culture were obtained by rinsing the hands in quarter-strength Ringer's solution for a measured time of 30 seconds. Neutralisation of residual antiseptic was effected by inclusion in the Ringer's solution, and in the pour plates, of the following neutralisers:
1% Lubrol W, 0-5% lecithin, 1 % Tween 80, and 1 % sodium thiosulphate. Pour plates were made from the washings and, after incubation for 48 hours at 370C, colony counts were made.
The effects of multiple washings were assessed by washing the hands three times a day with the agent under study. Specimens for culture were collected after the sixth wash. Gloves were again worn for 90 minutes and specimens were collected for culture.
Results
The results of the cultures from the sludge in soap dishes are shown in the Figure. The organisms isolated from soap dishes containing plain bar soap are shown on the first four days and from dishes containing Betadine soap on the fifth to ninth days. Differences between the yield of bacteria from skin after washing and after treatment with various antiseptic preparations are shown in Table 3 . Compared to the counts obtained by the use of plain bar soap, Betadine bar soap achieved a reduction of resident flora ranging from 27 to 95%; the total numbers of organisms were very high in three subjects (4050-7700). Betadine scrub was more effective in that lower yields of skin bacteria were obtained than after using ordinary soap, and in four out of five subjects the flora were reduced by more than 90%. With chlorhexidine scrub, three out of six subjects had a 90% or more reduction of flora. With alcohol and chlorhexidine, the reduction in flora was group.bmj.com on August 28, 2017 -Published by http://jcp.bmj.com/ Downloaded from Table 4 shows that results similar to those from the first wash were obtained after the sixth wash with the antiseptic agents. Some variation in susceptibility of the normal flora was shown in the results from different subjects. The flora in subjects I and 6 were more resistant to removal by Betadine than by chlorhexidine. In all subjects save one, alcohol and chlorhexidine produced the largest reduction in normal flora. Table 5 shows the bacterial counts after gloves had been worn for a 90-minute period. Counts of over 500 organisms were obtained from three subjects after Betadine soap and Betadine alcoholic solution, from one (out of five) after Betadine scrub, from four after chlorhexidine scrub, but from none after alcoholic chlorhexidine. Table 6 shows the average percentage reduction in normal flora obtained by the six subjects using the five antiseptic agents. Alcoholic chlorhexidine was clearly superior to the other agents.
Discussion
Handwashing is such an important part of the control of infection measures that it requires careful attention. The purposes for which handwashing is performed in hospital are: 1 Removal of transient pathogenic organisms before carrying out manipulative procedures on patients The degree to which this process must be pursued depends on the procedure to be carried out. For many ward tasks of a domestic nature, for example, bed making, provision of meals, and for nursing and medical tasks such as temperature recording and clinical examination, social cleanliness is all that is necessary; this can be achieved with unmedicated bar soap. Procedures on patients with normal defence mechanisms where careful aseptic techniques are applied, for example, blood taking and parenteral injection, may also be safely performed after social cleaning, but complex procedures such as lumbar puncture or manipulations in immunosuppressed patients require more exacting measures.
2 Decontamination ofhands after procedures liable to cause contamination Procedures such as removal of infected dressings, collection of sputum containers, emptying bedpans, attending to tracheostomy suction, or handling plastic bags used for urinary bladder drainage may require more than social cleaning. This aspect has not been studied in this present series, but earlier reports suggest that plain bar soap will remove the majority of contaminating organisms from the hands by mechanical means (Lowbury et al., 1974) . In areas where highly susceptible patients are housed, such as burns units, transplant units, intensivc care units, premature baby units, and neurosurgical wards, there may be justification for the wider use of antiseptic soaps, particularly in view of recent reports of Klebsiella being carried on the hands in such centres (Casewell and Phillips, 1977) . In maternity units, hexachlorophane has been used for many years to reduce the carriage of staphylococci on the hands. 3 Removal of most of the normal flora and its suppression during the performance of complex manipulations on patients such as surgical operations The studies outlined above show that alcoholic chlorhexidine is an effective agent for this purpose. The studies with this compound confirm the findings of Lowbury et al. (1974) .
In addition to the objectives in washing the hands, one must also consider the hazards of contamination acquired from materials used in cleaning the hands, which may arise and lead to an increase rather than decrease of infection. Two types of problem require particular attention:
1 Bacterial contamination may occur in materials used to wash the hands. There have been numerous reports of infected disinfectants from hospitals (Dulake and Kidd, 1966; Mitchell, 1966; Parker, 1972; Basset, 1971) , and those used to wash the hands are not excepted. The present study indicates that soap dishes are frequently contaminated. Although much of the contaminated sludge from the dish which gets onto the hands when picking up the soap may be removed under running water, the sludge is a potentially hazardous source of contamination on the ward. The number of infected soap dishes was greatly reduced by the use of Betadine soap, although after four days' use, contaminated sludge began to appear again.
2 Contamination may occur in material used to dry the hands. The use of communal linen towels has long been recognised to be an important vector for the transmission of Gram-negative pathogens, and efforts have been made to eliminate their use. Paper towels are gradually replacing linen towels in hospitals, although some education in their use is still necessary.
